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The mutagenicity of airborne particulate matter collected in 17 towns of Italy in 1990 was assessed using the Ames test. The mutagenicity of crude
extract correlated with amount of lead, suggesting the direct contribution of gasoline car exhausts. Moreover, the mutagenicity correlated with par-
ticulate matter amounts. An inverse correlation with temperature was observed. The crude extracts were fractionated in acid, basic, and neutral
fractions. The latter was further separated into polycyclic aromatic hydrocarbon (PAH), polar, and nonpolar fractions. Acid and polar fractions showed
the higher mutagenicity. Average recovery of mutagenicity was about 60%. - Environ Health Perspect 102(Suppl 4):67-73 (1994).
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Introduction
Several studies on urban-air mutagenicity
have been performed in different countries
for assessing the potential mutagenic expo-
sure of the human population in towns
(1-8). The studies of correlation between
mutagenicity and chemical pollutants have
been carried out to possibly identify either
the major sources ofmutagenic materials or
reliable mutagenicity descriptors (9-12).
Recently, we reported the results of an
extensive mutagenicity study with the Ames
test on particulate matter collected in 11
Italian towns (13). In spite ofthe large dif-
ferences of geographical location and size
among the towns, we found that mutagenic-
ity of crude extract of airborne particles
from all towns correlated significantly with
particulate matter and nonmethanic hydro-
carbons. During 1990, we repeated the
investigation with 17 towns from the north
and south of Italy. We wanted to examine
in detail the possible correlations between
chemical-physical variables and mutagenic-
ity of particulate matter crude extract and
its fractions.
Material and Methods
Sampling
A train was available from Italian Railway
Agency duringJanuary to April of 1990. It
carried mobile monitoring stations with
equipment for the collection of samples of
airborne particulate matter, the continuous
monitoring of the principal gaseous pollu-
tants (SO2, NO2, nitrogen oxides [NOX],
CO, CO2, 03, nonmethanic hydrocar-
bons, [NMHC]) as well as equipment for
recording meteorological variables (temper-
ature, pressure, wind direction and velocity,
lightness, humidity, and precipitation).
In each city, the mobile station was
placed downtown at street level, 4 to 8 m
from the street, and air pollutants were
monitored for 3 consecutive days.
Particulate matter (<10Ipm diameter) was
sampled by an Andersen 2000 High
Volume sampler on precleaned fiberglass
filters (Gelman type A/E, 23 x 25 cm)
with a constant air flow (70 m3/hr). To
reduce possible artifact build-up on the fil-
ter during prolonged sampling time (as
well as the possible blow-off of the more
volatile compounds), we limited sampling
to 7 hr (7 A.M. to 2 P.M.) since we found
that this sampling period was highly repre-
sentative of24 hr (13) (Table 1).
Material collected on the filter was soni-
cated 20 min in dichloromethane (DCM)
and then soxlhet extracted, always in
DCM, for 16 hr. The organic material was
dried with rotavapor under nitrogen
stream, weighted and then resuspended in
dimethylsulfoxide (DMSO). Part of the
crude extract was also separated into acid,
basic, and neutral fractions by standard
methods elsewhere described (8). The
neutral fraction was applied onto a prepar-
ative thin-layer chromatography (TLC)
plate (PSC Fertigplatten Kieselgel 60,
Merck). Elution ofTLC plate was carried
out with a mixture of n-hexane:benzene
(1:1, vol/vol), and its components were
separated by their polarity. Bands contain-
ing polycyclic aromatic hydrocarbons
(PAH), polar, and nonpolar (high molecu-
lar weight oxygenated compounds) frac-
tions were detected by their fluorescence
under UV light (365 nm). The bands' identi-
fication was assigned by comparing their
retention factor (RF) to suitable standards
applied simultaneously onto the same TLC
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Table 1. Coefficient regressions (b) of 7-hr sampling values on 24-hr ones and related correlation values (r2).a
Seventeen different cities for a total of 51 determinations.
Air pollutants
Time periods, hr Particles NO2 SO2 CO NMHC Temperature
b 1.08 1.17 1.39 1.17 1.13 1.12
7-24 r2 0.92 0.90 0.94 0.79 0.79 0.96
NHMC, nonmethanic hydrocarbons. a The value of r2 significant at the 0.1% level with 16 degrees of freedom is r2
= 0.71
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Table 2. Correlations (r) between variables sampled for7 hr in the airof 17 Italian towns in 1990(51 determinations).
Variable NO NO2 S02 Co 03 NMHC Temperature
Particles 0.49 0.58 0.53 0.45 -0.36 21 -0.39
NO 0.67 0.72 0.77 -0.08 0.43 -0.02
N02 0 69 0.59 -0.05 0.42 -0.08
S02 0.67 -0.29 0.22 -0.37
Co -0.07 0.27 -0.12
03 -0.05 0.56
NMHC -0.02
NMHC, nonmethanic hydrocarbons.
plate. Bands were scraped out and extracted
intoluene andthen theeluatewasconcentrated
to dryness with nitrogen. No gravimetric
determination was performed because ofthe
small amounts of recovered material. PAH
analysis has beendescribedelsewhere (14).
MutagenicityTest
Crude extracts and fractions were tested in
the Salmonella/microsome assay using the
standard plate incorporation test as described
byMaron andAmes (15). TheTA98 and its
nitroreductase and O-acetyltransferase-defi-
cient strains (TA98NR, TA98-l, and
8DNP6) were routinely used. The metabolic
system was provided by S9 mix containing
4% of liver S9 fraction prepared from male
Sprague-Dawley rats pretreated with Arodor.
Each crude organic extract was tested at four
doses ofDMSO solution corresponding to 0,
0.5, 1, 2, and 4 m3 ofair. Whereas, fractions
at doses corresponding to 2.5, 5, 10, and 20
m3, eight samples out ofa total 54, were not
processed or tested for mutagenicity because
ofproblems involved in sampling or extrac-
tion and fractionation. 2-Aminofluorene
(Sigma, St. Louis, MO), 2 pg/plate with S9,
and hycanthone (Winthrop, Spain), 20
pg!plate, were used as positive controls for
checking both TA98 and S9 efficiency. The
TA98NR and TA98-1, 8DNP6 strains were
controlled for their resistances to 8 ng/plate
of 1-nitropyrene (Aldrich, purified by AM
Belisario, Napoli, Italy) and to 4 ng/plate
1,8-dinitropyrene (Sigma).
StatisticalAnalysis
At the tested doses, no gross toxicity was
observed even at the highest ones; however
the model proposed by Margolin (16):
response (Y), obtained with Margolin equa-
tion at the average dose, and the average
dose. Regression coefficient b and SARA
indicate essentially the same phenomenon,
but SARA also includes toxic effects (13).
For example, one polar fraction from the city
ofAosta was characterized by a bvalue equal
to 25.24, whereas the SARAvalue, calculated
at the average dose tested in that experiment
(9 m3 equivalent of air) and including the
effect of Tparameter (T= 0.0305) was
22.00. In the case ofnegligible toxicity (for
example, one Pisa polar fraction, T =
0.00063) the b value, 10.31, was very close
to the SARA one (i.e., 10.27). Because toxi-
city was in general absent or moderate,
SARAvalueswereveryclose to bcoefficients.
SARA values had been also regressed on b
values, and very tight correlations were
obtained (-S9, b = 0.91, r2 = 0.996; + S9,
b = 0.96, r = 0.998). With S9, b (0.96)
was close to 1 and suggested that the pres-
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was applied to evaluate the coefficient (b) of
the linear regression jointly to the toxicity
parameter T Moreover, to make the more
reliable comparisons among extracts and
fractions often showing different toxicity, we
used the specific average reversion activity
(SARA), which is the ratio between the
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Figure 1. Regression of particulate matter amounts
(pg/m3) on temperature sampled in 17 Italian towns in
1990.
ence of metabolic activation substantially
reduced the toxicityofcrude extracts.
Results and Discussion
Correlations betweenMeteorological
andChemicalVariables
Table 2 showed the correlations between
particles, SO2, NO, NO2, CO, 03,
NMHC, and temperature. All variables
BZ UD AO MI VR TO PR GE Pi AP AQ RM TA NA SS CS CT
Cities
Figure 2. Mutagenicity of crude extract from particulate matter collected in 17 Italian towns with and without
metabolic activation (S9). BZ, Bolzano; AO, Aosta; TO, Torino; Ml, Milano; GE, Genova; UD, Udine; VR, Verona, PR,
Parma; PI, Pisa; SS, Sassari; RO, Roma; AQ, Aquila; AP, Ascoli Piceno; NA, Napoli; CS, Cosenza; CT, Catania; and
TA, Taranto.
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Figure 6. Regression of SARA/ pg particulate matterplus
(+) and minus (El) S9 and temperature during sampling.
except for 03 correlated negatively with
temperature. In particular, we observed an
exponential negative correltion between
temperature and particulate matter (Figure
1). Such temperature effects could be due
to much more industries, domestic heating,
and atmospheric inversions in northern
Italy. Meanwhile, we only observed a posi-
tive correlation between temperature and
07 as was expected.
Mutagenicity Patterns
The mutagenic responses of the strain
TA98 (+S9) to crude extracts from particles
ofthe 17 cities (Bolzano [BZ], Aosta [AO],
Torino [TO], Milano [MI], Genova [GE],
Udine [UD], Verona [VR], Parma [PR],
Ca
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Figure 4. Correlation between SARA/m33lus (+) and
minus (O) S9 and particulate matter(pg/m ).
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Figure 7. Correlations between SARA plus (+) and
minus (O) S9 and Pb amounts (pg/m3).
Pisa [PI], Sassari [SS], Roma [RO], Aquila
[AQ], Ascoli Piceno [AP], Napoli [NA],
Cosenza [CS], Catania [CT], and Taranto
[TA]) were given in Figure 2. No particu-
lar toxic effect was observed and the Tcoef-
ficients were often negligible. The respons-
es were expressed as average ofthree SARA
values. In general, the addition of S9
increased mutagenicity of extracts as easily
seen in Figure 3, which showed the regres-
sion of mutagenicity responses with S9 on
those without S9. The mutagenic increase
of about 30% because of metabolic activa-
tion, suggested the presence of an apprecia-
ble amount ofindirectly acting mutagens in
the air. The mutagenicity (±S9) of crude
extract increased linearly with particle
CO)
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Figure 5. Correlations between SARA plus (+) and
minus (O) S9 and temperature during sampling.
1.e
1.6[
1.21
0L
a-
co
co
6.01
Temperature(0C)
b=0.008; p= 0.23; r =-0.18
Figure 8. Regression ofthe ratio of benzo[alpyrene on
benzo[g,h,i/]perylene on temperature during sampling.
amount/m3 ofair (Figure 4), and decreased
exponentially with temperature (Figure 5).
This means that in the colder cities there are
larger amounts of mutagenic particles.
However, when considering the mutagenic
potency of particles, i.e., the mutagenicity
per microgram of matter, we did not
observe significant variation ofmutagenicity
(±S9) with temperature (-S9, b = 0.01, p =
0.33, and r = 0.00019; +S9. b = 0.003,
p = 0.8, and r2 = -0.0013) (Figure 6).
These data indicate that location or tempera-
ture did not influence the direct and indirect
mutagenicity per microgram ofparticle.
Particles were analyzed for the presence
of metals such as Pb, Mn, Fe, Cr, V, Zn,
Ti, and also studied for the possible correla-
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Figure 9. Responses (SARA) of TA98NR (LI) and
TA98,1-8DNP6 (+) on TA98.
tion with mutagenicity (±S9). A good cor-
relation between SARA without S9 and Pb
(Figure 7) and V (r2 = 0.52 and r2 = 0.61,
respectively) and even better in the presence
of S9 (r2 = 0.67 and r2 = 0.81, respective-
ly) was found. These metals appeared to be
good indicators of mutagenicity of urban
air particles and tracers of pollutants
sources, for example, Pb from gasoline
exhausts, and V from diesel exhausts and
domestic heating with kerosene. The
amounts of 15 PAH in our particulate sam-
ples have been analyzed and the ratio
benzo[x]pyrene/ benzo[g,h,i ]perylene
ranged 0.2 to 0.9 (Figure 8), a ratio very
close to the one (0.2-0.6) that indicated air
pollutants from car exhausts (17). No sig-
nificant variation ofthe ratio was associated
with temperature. Also, we could conclude
that the majority of particulate matter col-
lected in downtowns derived from motor
vehicle exhaust because ofthe prevalence of
using methane for domestic heating in
Italy.
The responses of TA98NR and TA98-1,
8DNP6 strains to the mutagenicity of
crude extracts were about 20 and 40% less
than that ofTA98, respectively (Figure 9).
This result suggested that approximately
20% of the mutagenic activity of the
extract required nitroreduction to form
direct-acting mutagens, and that approxi-
mately 40% of the activity in the extract
required transacetylation to form direct-act-
ing mutagens. They appeared to be almost
proportionally distributed in all samples,
because the correlation coefficients ofregres-
sions on TA98 responses were highlysignifi-
cant (b = 0.83, p<0.001, r = 0.86; b =
Table 3. Relative and total contribution (%) offive fractions to crude extract mutagenicity toward TA98 strain.
Fractions
Neutral
City S9 Acid Basic PAH Polar Nonpolar Recovery
Ml - 30 8 10 47 5 34
+ 22 12 41 22 3 38
AD - 18 9 6 62 5 70
+ 18 12 22 46 2 40
TO - 24 16 5 54 1 43
+ 20 18 17 44 1 42
GE - 27 7 4 58 2 71
+ 17 10 24 45 4 68
VR - 41 17 13 26 3 45
+ 42 14 27 13 4 40
UD - 15 11 2 70 2 97
+ 20 4 15 60 1 63
PR - 14 10 8 67 1 100
+ 15 15 13 56 1 90
Pi - 25 18 9 47 1 71
+ 23 11 22 43 1 67
SS - 32 30 11 21 6 39
+ 26 20 36 10 8 50
RO - 34 5 3 36 22 30
+ 12 37 21 26 4 100
AQ - 31 9 15 40 5 68
+ 29 13 23 31 4 70
AP - 38 16 3 31 12 91
+ 44 17 10 27 2 73
TA - 54 20 4 17 5 66
+ 66 15 3 7 9 83
CT - 28 9 1 59 3 71
+ 27 7 21 38 7 38
CS - 40 30 2 27 1 68
+ 29 30 8 16 17 66
NA - 26 26 5 42 1 60
+ 20 28 23 22 7 59
Average -S9 30 15 6 44 5 64
+S9 27 16 20 32 5 62
Abbreviations: PAH, polycyclic aromatic hydrocarbons; Ml, Milano; AD, Aosta; TO, Torino; GE, Genova; UD, Udine;
PR, Parma; PI, Pisa; SS, Sassari; RO, Roma; AQ, Aquila; AP, Ascoli Piceno; TA, Taranto; CT, Catania; CS, Cosenza;
NA, Napoli.
0.63, p<0.001, r2 = 0.69, for TA98NR and
TA98-1, 8DNP6, respectively).
Fractions
The relative contribution of five fractions
to the crude extract mutagenicity with and
without S9 was reported in detail in Table
3. The average recoveries of direct and
nondirect mutagenicity were 64% and
62%, respectively. Polar-neutral and acid
fractions showed higher mutagenic contri-
bution (44 and 30%, respectively, -S9).
Fairly similar results have been recently
obtained with particulate matter sampled
in a street with heavy traffic in the center of
Rome (18). As it was expected, the addi-
tion of S9 increased the proportion of the
mutagenic activity ofPAH fractions from 6
to 20%. These results are in general agree-
ment with these obtained from the study of
a standard airborne particulate matter sam-
ple (National Institute of Standards and
Technology Standard Reference Material
1649) collected over a period of over 12
months in the Washington, DC, area (19).
There were two exceptions. In our sam-
ples, the contribution of the basic fraction
was constantly present (about 15%). The
higher contribution of the polar-neutral
fraction was more typical of street canyon
particulate extract, directly affected bypoint
sources, particularly gasoline and diesel
engine emissions (19,20). Among all the
variables considered, temperature regressed
better with the fractions' mutagenicity
(Figures 10,11). In particular, we found
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that the acid fraction's contribution to
mutagenicity (+S9) was positively associat-
ed (p = 0.011) with temperature, but polar
fraction correlated negatively (p = 0.004).
Meanwhile, basic, nonpolar, and PAH
contribution to mutagenicity was not asso-
ciated with temperature variations, except
that PAH +S9 showed a moderate negative
correlation (p = 0.057).
Acid, basic, and polar-neutral fractions
were tested with TA98NR and TA98,
DNP6 in order to assess the proportional
contribution to total mutagenicity of com-
pounds that required nitroreduction and
transacetylation to form direct-acting
mutagens. The contribution ofthe former
class of mutagens observed in acid,
polar-neutral, and basic fractions was 38,
35, and 20%, respectively; whereas
transacetylation-dependent mutagens con-
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Ipolycyclic aromatic hydrocarbon fractions to total muta-
tributed much more: 60, 77, and 48%,
respectively (Table 4). In particular, simi-
lar proportions were observed in all
polar-neutral fractions tested, since the
regression coefficients of TA98 responses
on TA98NR and TA98, DNP6 were 0.96
and 0.93, respectively. These findings fur-
ther revealed a large homogeneity in the
mutagenic patterns of airborne particles.
These particles were collected from many
different towns, but probably all directly
affected by the same point sources.
Moreover, similar results have been obtained
in a study performed on particulate matter
collected at street level near a heavily used
four-lane street in Rome, Italy (8).
Conclusions
The present paper showed that the air
mutagenicity associated with particles col-
Table 4. Average contribution of mutagens, nitrore-
duction and transacetylation dependent, to total muta-
genicity (-S9) in 3 fractions tested with TA98NR,
TA98DNP6 and TA98 (%) in 17 towns.
Contribution
Fractions TA98 TA98NR TA98DNP6
Acid 100 38% (0.67) 60% (0.67)
Basic 100 20% (0.55) 48% (0.52)
Polar-neutral 100 35% (0.92) 77% (0.86)
The contribution was calculated by the analysis of lin-
ear regressions of TA98NR and TA98DNP6 responses
on TA98 (16 towns, three samples, Bolzano omitted
because acid fraction missed). In brackets is the corre-
lation coefficient r2.
20 24
lected in 17 Italian cities at street level pos-
sessed some interesting features. Regardless
of the level of industrialization, size, and
number of inhabitants, mutagenicity
seemed to be correlated mostly with auto
vehicle exhaust pollutants. The amount of
particulate matter, besides Pb, appeared to
be a quick and dirty indicator for muta-
genicity.
Because Pb emissions are continuously
being reduced in several countries, it is our
opinion that particulate matter remains the
most relevant indicator, particularly when
lacking complex instruments and facilities.
Moreover, the temperature seemed to be
the physical variable most closely associated
with significant quantitative and qualitative
modification of mutagenicity patterns.
One may observe that temperature is a
variable associated with mutagenicity varia-
tions without any causal relationships. For
instance, the North is more industrialized
than the South; however, some industrial
towns such as Genova in the north (but
beside the sea), Taranto and Catania in the
south, showed low mutagenicity levels
when high temperatures were recorded
during sampling. Therefore, temperature
must have some influence on air muta-
genicity, perhaps facilitating the volatiliza-
tion or dispersion ofmutagens. Moreover,
cold temperature inversions might keep the
air pollution more concentrated near
ground level (21). Other variables, such as
03 and lighting (which co-variate with
temperature), might be involved in the
observed mutagenicity pattern variations,
but properly designed experiments under
way in our laboratory reduced the likeli-
hood oflight playing an important role in
modifying mutagenicity at street level.
At the moment, we have no plausible
explanations for the observed inverse relative
contribution to mutagenicity displayed by
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acid and polar fractions, except for the
observation that variations in this pattern
were associated with temperature. We can
conclude that, in spite of the relatively few
of samples (three) collected in each town
during a somewhat limited time (five
months), interesting models of urban air
mutagenicity patterns emerged. The models
were created through accurate recording ofa
large number ofvariables. With the support
of environmental chemists, this will allow
more detailed statistical analysis and more
accurate interpretations ofthe patterns.
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